We measure the absolute extinction cross section spectra of individual split-ring resonators (fundamental magnetic resonance at 1.4-µm wavelength). The experiments are compared with a simple electric-circuit model and with microscopic calculations. Much of the excitement in the emerging field of photonic metamaterials comes about from the fact that these manmade materials allow for a direct manipulation not only of the electric-field vector but also -independently -of the magnetic-field vector of the electromagnetic light wave via electric and magnetic dipoles, respectively. Magnetic dipoles oscillating at optical frequencies can be realized by metallic split-ring resonators (SRR) [1], essentially tiny electromagnets into which the incident light wave induces a circulating current, leading to a magnetic dipole moment normal to the SRR plane. Previous experimental work has focused on arrays of electric and/or magnetic dipoles [2, 3] . Clearly, for further developments in this field, knowledge of the properties of the individual magnetic dipoles is highly desirable. It is the aim of this paper to present corresponding measurements for what we believe is the first time.
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Measurements of the absolute extinction cross section of electric-dipole resonances (Mie resonances) of individual metal nanoparticles have been performed only a few years ago [4, 5] . The basic idea is conceptually simple: By periodically spatially moving the individual nanoparticle in and out of a tight Gaussian focus (schematically illustrated in Fig.1 ), a sensitive Lock-In detection can be used, allowing for measuring small changes in the transmitted power of only fractions of one percent. By means of a detailed theoretical analysis, this measured relative differential signal can directly be converted into an absolute extinction cross section -provided that the effective Gaussian laser spot area has independently and quantitatively been determined for each wavelength. In our experiments, we investigate the fundamental magnetic-dipole resonance of individual gold SRR on glass substrates made via standard electron-beam lithography, excited under normal incidence, using the same modulation technique. To allow for reliable quantitative measurements of the Gaussian beam radius (and hence the beam area), we fabricate onto the same sample in the same lithography process sets of orthogonal knife edges. By scanning the laser focus over these knife edges and recording the error function, we directly determine the beam diameter for each wavelength. To obtain tuneable radiation in the 1-to 2-µm wavelength regime, we employ a "white-light laser" 
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978-1-55752-859-9/08/$25.00 ©2008 IEEE that is spectrally filtered by means of a grating spectrometer (set to 1-nm resolution) and spatially filtered by means of a single-mode optical fiber, the output of which is imaged onto the sample by microscope lenses.
A measured absolute extinction cross section spectrum Cext is depicted in Fig.2 . At the fundamental magnetic resonance centered around λ=1.4 µm wavelength, the cross section is Cext = 0.3 µm 2 . This value can be translated into about one seventh of λ 2 or, equivalently, into eight times the SRR geometrical area (as taken from the electron micrograph, see Fig.1 (b) ). As expected, the spectral lineshape in Fig.2 closely resembles a Lorentzian. Fig.1  (b) ). The different symbols correspond to different measurement days. The incident linear polarization is horizontal with respect to the split-ring resonator depicted in Fig.1 (b) .
These experimental results can be compared with (i) simple circuit modeling and with (ii) microscopic calculations: (i) In an LRC electric-circuit picture of the SRR [2] , it is straightforward to show that the resonant extinction cross section can be expressed as
Here, Z0 ≈ 376 Ω is the vacuum impedance and d is the distance between the vertical SRR arms (see Fig.1 (b) ). For our conditions, the circuit resistance R is dominated by the radiation resistance. For a roughly estimated radiation resistance of R = 10 Ω [6] , extinction cross sections very close to the measured one are obtained. (ii) Dominance of the radiation resistance is equivalent to saying that the scattering cross section is much larger than the absorption cross section, in which case the extinction cross section is well approximated by the scattering cross section. Corresponding microscopic calculations based on the SRR geometrical parameters taken from the electron micrograph shown in Fig.1 (b) and based on literature values for the gold Drude-model plasma and collision frequencies (i.e., no fitting attempted at all) yield resonant cross sections of about 0.26 µm 2 in good qualitative agreement with our experiments.
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